Aging and calcium deficiency A sharp difference is found in environmental calcium between fish living in seawater containing abundant calcium, and land-abiding animals ( Fig.  1 ). Since calcium enters the body of fish with each breath of calcium-containing seawater, the main concern under such a calcium-excess environ ment is how to extrude the excessive calcium en tering the body efficiently, to avoid hypercalcemia and resultant functional deterioration. The ab sence of parathyroid glands in the fish might be explained by the fact that the main function of the parathyroid glands is to conserve calcium and the nutrient. Consequently, calcium, as an envi ronmental factor in land-abiding animals, is prac tically nothing but nutritional calcium intake and these animals, including humans, are always de fi cient in calcium, at least relatively, compared to the sea-abiding animals, such as the fish. Thus, when we define ourselves to be in the state of calcium deficiency, it follows that the longer we live, the more calcium deficient we be come (Fig. 2) . Decrease of serum calcium is a direct stimulation to the parathyroid hormone (PTH), and calcium deficiency or negative calcium balance is also believed to stimulate PTH secretion, causing parathyroid hyperplasia, possibly through repeated incipient hypocalcemia. Increased para thyroid hormone secretion results in a decrease of bone mass through an increased resorption. This is at least one of the causes of age-bound bone loss or osteoporosis. By some unknown mech anism, the decrease of bone mass is associated with an increase of calcium content in soft tissues, such as the blood vessel. This apparent "calcium shift" from the bone to soft tissue, or the blunting of bone/soft tissue calcium gradient, apparently represents one of the characteristic changes asso ciated with aging. Since another effect of PTH consists of an increase in calcium uptake by the cell, calcium deficiency resulting in secondary hy perparathyroidism tends to decrease the extracel lular/intracellular calcium gradient. In the present epidemiological study, 23% of the adults above the age of 30 years in Shichikawa and 29% of those in Oshima participated (1,2).
2. Causes of death. The causes of death in these two communities during the past decade, ad justed per 100,000 population, are shown in Table Table 1 
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. Age-bound bone loss. Age-bound loss was apparently more pronounced in the mountain com munity than in the seacoast community, based on several methods of assessment. Firstly, the tho racic spine deformity on the lateral spine X-ray film was more frequent (Fig. 3) . Secondary, cla vicular cortical thickness measured in the postero anterior chest X-ray film was smaller. These changes were most pronounced in women after menopause. Thirdly, bone resonant frequency (3), reflecting bone density, and shown to be signifi cantly correlated with bone mineral content, was lower in the mountain community at each age group (Fig. 4) munity. Lower serum total protein and choles terol in the mountain community also suggests a factor of relative malnutrition in this area (Table  3) . 7. Calcium shift from the bone to the soft tissue. It is noteworthy that aortic calcification in the chest X-ray film was definitely more frequent in the mountain community than in the seacoast community, in parallel with the bone loss as re fl ected by the vertebral deformity and shortening of the stature (Fig. 5 ). Taken together with the higher mortality rate due to cardiovascular disease, (open bar). In each age group of both sexes, the mountain community gave higher rates.
and higher incidence of ECG abnormality , 53 versus 42%, in the mountain community, such parallelism between bone loss and cardiovascular abnormality might suggest a calcium shift from the bone to the soft tissue (4-7), in response to calcium deficiency and secondary hyperparathyroidism. Such a calcium shift typically occurs in chronic renal failure (8 position to the brain and spinal cord (9) . This exceptional community thus provides a warning to the consequences of long-term calcium and vi tamin D deficiency. Fortunately, the situation has improved remarkably during the last decade, with improvements in communications and food supply, so that the young population in this community would no longer be exposed to the calcium defi ciency of 3 years ago.
Summary and conclusion
Calcium deficiency is a constant menace to land-abiding animals, including mammals. Hu mans enjoying exceptional longevity on earth are especially susceptible to calcium deficiency in old age. Low calcium and vitamin D intake, short solar exposure, decreased intestinal absorption, and falling renal function with insufficient 1,25(OH)2 vitamin D biosynthesis all contribute to calcium deficiency, secondary hyperparathyroidism, bone loss and possibly calcium shift from the bone to soft (Fig. 6 ).
